Single proline substitutions in predicted alpha-helices of murine granulocyte-macrophage colony-stimulating factor result in a loss in bioactivity and altered glycosylation.
Contributions of alpha-helices to biological activity in murine granulocyte-macrophage colony-stimulating factor were analyzed using site-directed mutagenesis and protein expression in COS-1 cells. A series of single proline substitutions were made for residues within the four predicted alpha-helices as a means of disrupting local helical secondary structure. Mutations in three of the four helices resulted in marked reductions in bioactivity. Five mutants E21P, L56P, E60P, L63P, and L107P showed 10(2)-10(4)-fold reduction in bioactivity as well as hyperglycosylation. The same Pro substitutions made on non-N-glycosylated molecules had a similar loss in bioactivity implying that a Pro-induced structural change and not hyperglycosylation was responsible for the major decrease in bioactivity. Additional amino acid substitutions at these residues which conserved charge or hydrophobicity, or replaced the original residue with an Ala, verified that conformational changes in the protein structure were specifically due to steric constraints imposed by the Pro residue rather than loss of important side chain functions.